The aim of this study was to develop a Turkish-specific speech recognition test, considering phonemic balance, homogeneity, and familiarity criteria.
INTRODUCTION
Word recognition tests are used to evaluate listeners' capacity and speech in daily life. They are also used to aid in making differential diagnoses between peripheral and central auditory pathologies [1] [2] [3] [4] . The use of appropriate speech materials is crucial to ensure the reliability and diagnostic sensitivity of word recognition tests [2, 5] , which may be affected by a number of factors, such as the contents of the list, word selection homogeneity [6, 7] , the accent of the speaker [5, [8] [9] [10] [11] , the method and level of presentation [12, 13] , subject factors [13] , and the type of recording [9] . Significant differences in speech audiometry results in hearing-impaired populations due to the speaker's gender have also been found in several studies, as well [5, 14] . Egan [15] specified the following criteria regarding the selection of word lists utilized in word recognition tests: monosyllabically structured words, equivalent average difficulty between lists, equivalent average difficulty within lists, equivalent phonetic composition between lists, a composition representative of the spoken language, and words that are commonly used. Frequently used words in a language are better recognized compared to those less frequently used [16] . The selected words to be included in the speech recognition tests should neither be very easy nor very difficult to distinguish [15, 17] . In order to assert the validity and reliability of a speech test, the principle of phonemic balance (PB) has been applied for a long time in the development of monosyllabic materials [16] [17] [18] . Other important principles in designing speech test materials are the familiarity of test items and the number of test items [2, 16, 19] . Typically, 50-items word lists are adopted in word recognition tests [2, 15, 18, 20] . The inclusion of 50 items increases the reliability of word recognition scores. Nevertheless, audiologists commonly use 25-items word lists to decrease test time and thereby reduce the fatigue effect for participants. Word familiarity is basically defined by a word's frequency of occurrence within the language, as reported in established word counts [8] . It is also imperative to utilize speech audiometry test materials in the native language of the subject being tested to obtain valid speech recognition test results [21] . For this purpose, speech tests have been developed for various languages, each to fit the requirements of measuring speech recognition based on the specific features of that language [22] .
Unfortunately, word recognition materials in the Turkish language have not been as well developed as those in English. Although Turkish is a language derived from the Ural-Altaic language family and is by some estimates the fifth-most widely spoken language in the world, to date, only a limited number of word recognition test materials have been available in Turkish. It is estimated that approximately 200 to 220 million people worldwide speak Turkish as their native or secondary language. The languages in the Ural-Altaic family have consonant/vowel harmony and an agglutinative structure, and there are no gender distinctions, such as feminine and masculine. Some inflectional morphemes can be used as derivational morphemes, and there are phonetic, morphological, and syntactic similarities among these languages [23] .
The first word recognition test for Turkish in Turkey was developed more than 5 decades ago, and the speech recognition lists were not completely phonemically balanced, homogeneous, or familiar. The aim of the present study was to develop the open-set Turkish Monosyllabic Word Recognition Test (TMWRT) for adults. , and they had pure-tone air conduction thresholds of less than 10 dB HL at all octave frequencies from 250 to 8000 Hz and static acoustic admittance between 0.3 and 1.4 mmhos, with peak pressure between -100 and +50 daPa [24, 25] . For each subject, the ear with the better pure-tone average thresholds at 500 Hz, 1000 Hz, and 2000 Hz was selected as the test ear. Since inter-word and inter-talker variability is lower for male voices than female voices, the 345 most frequently used monosyllabic words were recorded by a male talker of age 55 using a standard dialect of the native language [6] . The selected 345 monosyllabic words were recorded by a 55-yearold male professional theater artist who has a standard dialect of Turkish language. Detailed information on the study was given to the subjects, and they asked to read and sign the consent form.
MATERIALS and METHODS

Subjects
Preparation of Test Materials
Monosyllabic Turkish words that have a consonant-vowel-consonant (CVC) structure were chosen as the word recognition test materials. Test materials were selected from Dokuz Eylül University, Computer Engineering Department's Corpus of Turkish, which comprises about 8 million monosyllabic words, referred to as the Turkish corpus [26] . Finally, the 500 most frequently counted monosyllabic words were selected as materials to design the word lists. Suggestiveness control of the chosen words was exercised through the Turkish Language Association Dictionary and Written Turkish Word Frequency Dictionary [27] . Words that were not found in either dictionary or were absurd, technical, or slang words were excluded. The residual 350 words were evaluated by 380 subjects with a variety of socio-economic and educational backgrounds, who were in the age range of 16 to 70. These subjects did not participate in this project other than through this task. These 350 monosyllabic words were then rated by 380 native judges on a scale of 1 to 3 based on how familiar a word would be to a Turkish speaker from Turkey (1=very familiar or frequently used, 2=infrequently used, 3=rarely used or not familiar). Finally, 5 out of 350 words that were considered to be culturally insensitive, unfamiliar, or inappropriate were excluded from the list; as a result, only 345 words were evaluated.
Recordings
All recordings were performed in a large double-walled sound-treated booth in Dokuz Eylül University Faculty of Fine Arts, at a professional studio in Izmir, Turkey. A Neumann model U87 high-sensitivity microphone (Neumann U87; Neumann, Berlin, Germany) was positioned approximately 20 cm from the talker at 0° azimuth and was covered by a 10 cm windscreen. The microphone was connected to an AVALON AD2022 microphone preamp (Avalon AD2022; Avalon Design, Tustin, CA, USA), which was powered by an Avalon model B2T preamp power supply. The signal was digitized by a Digidesign Digi 002R 16-bit analog-to-digital converter (Digidesign; Avid Technology, Palo Alto, CA, USA) and subsequently stored on a hard drive for later editing. A 44100-Hz sampling rate with 16-bit quantization was used for all recordings, and every effort was made to utilize the full range of the 16-bit analog-to-digital converter.
During the recording session, the talker was asked to read each monosyllabic word at least four times with a slight pause between each production. Each monosyllabic word was recorded until two audiologists agreed that the vocal quality, accent, and pronunciation were satisfactory. The talker was asked to speak at a natural rate with a normal intonation pattern. After the rating process, the intensity of each word to be included in the listener evaluation was edited as a single utterance using Adobe Audition V:3 software (Adobe Audition; Adobe Systems Incorporated, San Jose, CA, USA) to yield the same average intensity as that of a 1000-Hz calibration tone.
Procedures
Custom software (co-author; Dalkılıç, İzmir, Turkey) was used to control the randomization, presentation, and timing of the monosyllabic words to minimize practice effects for the subject. This software was developed by a co-author from the Department of the Computer Engineering for the purpose of presenting words in a random order. The speech stimulus was routed from a computer hard drive to the external input of an interacoustic model AC33 clinical audiometer (Interacoustic AC33; Interacoustics AS, Assens, Denmark). The stimuli were then routed from the audiometer to the participants via TDH-39 headphones. Audiological tests were performed in a double-walled sound-treated booth meeting the ANSI S3.1-1999 standards for maximum permissible ambient noise levels for the ears-not-covered condition using one-third octave-band measurements [28] . Prior to each subject's test session, the input to the audiometer was calibrated to 0 VU using the 1000-Hz calibration tone through customized software. In accordance with the American National Standards Institute's (ANSI) S3.6-2004 standards [29] , the audiometer was also calibrated weekly during and at the conclusion of data collection. No changes in calibration were necessary throughout the course of data collection.
Each subject participated in two test sessions after passing a prelimi-nary test. The 345 monosyllabic words were presented at six different intensity levels, beginning at 0 and ascending to 55 dB HL in 5-dB increments. Thirty-six subjects were divided into two groups (i.e., nine men and nine women in each group). The psychometric functions of the 345 most familiar monosyllabic words were established by presenting words at the levels of 0, 10, 20, 30, 40, and 50 dB HL to subjects in group 1 and at levels of 5, 15, 25, 35, 45, and 55 dB HL to subjects in group 2. At the end of the experiment, each subject listened to 2070 stimuli (i.e., the 345 most frequently presented monosyllabic words at six different levels).
Each subject was allowed to have several test periods during each test session. Prior to evaluation of the monosyllabic words, the following instructions were given: "You will hear monosyllabic words, which may become louder or softer intensity. At the very soft levels, it may be difficult for you to hear words. Please listen carefully and repeat the words that you hear. If you are unsure of a word, you are encouraged to guess. If you have no guess, please say 'I don't know' and listen for the next word. Do you have any questions?"
The subjects were encouraged to guess and repeat what they heard or to say "I don't know" if they did not comprehend the stimuli at all. Their verbal responses were recorded with a Shure SM48 model dynamic microphone (Shure SM48; Shure Incorporated, Niles, IL, USA) on a computer for later assessment and analysis.
Selection of Homogeneous Monosyllabic Words
The psychometric functions of each of the 36 subjects and 345 most frequent monosyllabic words were fitted using third-degree polynomials (y=a+bx+cx 2 +dx 3 ). A third-degree polynomial is an S-shaped curve described by four coefficients (a-d). The curve fitted to each monosyllabic word across the 36 subjects was then used to calculate the following four psychometric characteristics: (1) the threshold at 50% correct answers (i.e., the presentation level required for 50% word recognition); (2) the slope at 50% correct; (3) the slope between 20% and 80% correct; and (4) the intelligibility at 55 dB HL (i.e., word recognition score at the highest presentation level). The homogeneity of the word lists was achieved by examining the four psychometric characteristics of the 345 most frequent monosyllabic words. The following criteria were used: the monosyllabic words that yielded an intelligibility of at least 90% correct at 55 dB HL were included, and the monosyllabic words with intelligibility at 15 dB HL below 25% and over 95% were excluded. The 15 dB HL level was the one that yielded the most 50% correct responses for the selected monosyllabic words.
Construction of the Word Lists
To satisfy different clinical applications requiring 50-and 25-item word lists, six 25-item word lists were constructed, and these could be paired to form three phonemically balanced 50-item word lists. The design of the TMWRT word lists was aimed at not only ensuring phonemic balance but also at satisfying the application of 50-and 25-item word lists in different clinical situations. The phonemic balance of the 25-item word lists was achieved by equally dividing the desired numbers of initials in the 50-item word lists into two groups, called the half-A and half-B lists.
During the homogeneity stage, 61 words with unequal daily usage and dissimilar intensity-dependent repeatabilities were eliminated; 284 words proceeded to the list construction stage. In order to ensure the content validity of the word lists, phonemic balance was the preferred linguistic measure, as it is regarded as a both significant and frequently used method.
Considering the distribution of phonemes whose frequencies at the beginning, middle, and end of the word were predetermined in the corpus, three different phonemically balanced lists composed of 50 words were constructed. These lists were divided into two in a phonemically balanced manner, and as a result, six lists, each composed of 25 words, were obtained. was employed for statistical analysis of the study data. The analyses were carried out in a confidence interval of 95%, and p<0.05 was regarded as statistically significant. The dependent variable, defined as correct word recognition, was saved in binary format (correct versus incorrect). The independent variables were different intensity levels and different word lists. The raw data were used in logistic regression analysis. The raw scores of each word in the four lists were used in logistic regression analysis to calculate the logistic regression parameters for each list and half list. After the lists and half lists were compiled, a logistic regression yielding a chi-square (χ 2 ) statistic was performed in order to determine whether there were any significant differences among the lists or half lists. Kuder-Richardson Formula 20 (KR-20) analyses were used for within-list equivalency. It is analogous to Cronbach's α, except that Cronbach's α is used for non-dichotomous measures.
Statistical Analyses
RESULTS
In total, 36 individuals participated in this study. Pure tone threshold average (PTA) indicated that all participants had satisfied the criteria of having a PTA level less than 10 dB HL, with a mean PTA of 2.31±2.70 dB HL. Twenty-five participants were tested on the right ear, and eleven were tested on the left ear. The average pure tone threshold for ears, the average age, and a detailed description of the participants are presented in Table 1 .
Following the raw data collection, logistic regression was used to obtain the regression slope and intercept for each of the 345 monosyllabic words. These values were then inserted into a modified logistic regression equation that was designed to calculate the percent correct at each intensity level. The original logistic regression equation is as follows:
In Equation 1, p is the proportion corrects at any given intensity level, a is the regression intercept, b is the regression slope, and i is the presentation level in dB HL. Percent correct values were then used to construct psychometric functions. When Equation 1 is solved for p and multiplied by 100, Equation 2 is obtained, where p is percent correct recognition: (2) By inserting the regression slope, regression intercepts, and presentation level into Equation 2, it is possible to predict the percentage correct at any specified intensity level. Percentage of correct word recognition was predicted for each of the monosyllabic word full lists and half lists for a range of 0 to 55 dB HL in 2-dB increments. Psychometric functions were then produced using the predicted percentages.
The third-degree polynomials analysis was carried out with 345 words, after the elimination of 61 words that did not satisfy the homogeneity features, while 50% mean intensity, 50% slope, and 20%-80% slope were determined using 284 words. The mean values of the psychometric characteristics for the 345 most frequently occurring monosyllabic words, 284 homogeneous monosyllabic words, 25-item word lists, and 50-item word lists are given in Table 2 .
From the three 50-item word lists, a 6.2%/dB, 50% slope, 5.4%/dB 20-80% slope, and 13.5-dB HL 50% mean intensity were obtained, and from the six 25-item word lists, a 6.2%/dB, 50% slope, 5.4%/dB 20-80% slope, and 13.5-dB HL 50% mean intensity were obtained. The intensity adjustments made to each word in the three 50-item word lists and six 25-item word lists are presented in Table 3 .
As a part of the logistic regression analysis of the full lists and half lists, a two-way chi-square (χ 2 ) analysis (intensity and list as independent variables with response as the dependent variable) was used to evaluate the inter-list equivalence among the six 25-item word lists and three 50-item word lists-that is, to determine whether the percent correct values differed significantly at the 12 different presentation levels. No significant differences were found among the word lists Furthermore, the internal reliability of each list was analyzed using KR-20 and was found to be above 98% for all lists. The psychometric functions of the six 25-item word lists are shown in Figures 1 and 2 . The six 25-item word lists were called A1, A2, B1, B2, C1, and C2. Table  4 presents the words used in each half list in Turkish with their phonetic transcription, as well as the meanings of the words in English.
Words were distributed evenly within the lists, depending on their phonemic balance and frequency of occurrence within the lists. The frequencies of occurrence of the phonemes are presented in Tables 5 and 6 [26] .
DISCUSSION
The main purpose of the current study was to create a set of half and full word lists with homogeneous, psychometric equivalence, familiarity, and phonemic balance criteria for the Turkish Monosyllabic Word Recognition Test (TMWRT). Monosyllabic words are often used in speech recognition tests performed in clinical studies. It can be said that the knowledge associated with speech at the monosyllabic word level is quite low, and reduction of excessive knowledge causes auditory factors to come to the forefront in the recognition of words. Among monosyllabic words, words with a consonant-vowel-consonant (CVC) structure are most often used in Turkish [26] . The corpus studies show 
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that the MLU (mean length of utterance) in Turkish is 6.34, and an analysis of CV order and word length showed that the orders of CVCVC, CVC, CV, CVCV, and CVCCV are the most common word structures [26, 30] . The frequency of CVC-ordered monosyllabic words was 7.25%, while the frequency of CV-ordered monosyllabic words was 6.92%, and the frequency of VC-ordered monosyllabic words was 1.08% in Turkish [26, 30] . These results show that the CVC order is the most common order among the monosyllabic words in Turkish. For this reason, only words with a CVC structure were employed in this study.
While Cevansir [31] and Cura [32] developed the word lists, Kılıncarslan [33] standardized the PB-300 lists. However, all of these researchers tried to employ monosyllabic words in general. In addition, two-, three-, and four-phoneme words have been used that did not have a consonant-vowel-consonant structure, and inter-list and within-list balance could not be ensured in such cases. Aksit [34] has constructed lists in the consonant-vowel-consonant format, using words in the lists standardized in 1986, as well as 40 words he obtained as a result of a dictionary scan. Table 2 and Figures 1 and 2 indicate that the six 25-item word lists and the three 50-item word lists exhibit performance homogeneity in terms of inter-item variability, inter-subject variability, and four assessed psychometric characteristics. A χ 2 test was used to evaluate the inter-list equivalence among the six 25-item word lists and the 
three 50-item word lists-that is, to determine whether the values of percent correct recognition are distributed identically at the 12 different presentation levels (with list and presentation level as independent variables and percent correct recognition as the dependent variable). No significant differences were found among the word lists. The χ 2 tests indicated that the six 25-item word lists and three 50-item word lists exhibited inter-list equivalence.
Similar slopes were obtained among the lists, although the determined slope was different from that of some of the languages in the literature. This difference may have been caused by the specific linguistic characteristics of Turkish. Turkish is an agglutinative language. Adding suffixes to fixed word roots in agglutinative languages can create word derivations and inflections. Monosyllabic words are the simplest word forms. Suffixes are used in Turkish in order to make new words [23, 35] . There can be trend differences between tests, even in the same language, based on both the participants and test standards.
The slope's lack of variability among 284 words and from list to list proves that homogeneity and inter-list balance were achieved in this study. The results of the speech recognition tests previously developed in Turkish were given in terms of percentages, and the slopes were not stated. For this reason, no clear comparison can be made with the previous Turkish studies. However, in similar papers published regarding other languages, comparisons were made on the basis of the slopes for different languages. In the foreign literature, slopes can be compared.
The slopes ranged from 20% to 80% for the 25-item monosyllabic word list and from 5.2%/dB to 5.7%/dB (m=5.4%/dB) and ranged from 5.3%/dB to 5.4%/dB (m=5.4%/dB) for the 50-item monosyllabic word list. The means that the slopes from the 20% to 80% range for the Turkish monosyllabic psychometric functions are close to those of word recognition test materials that have been reported in other Oyler [37] stated that they were 4.8%/dB and 4.4%/dB. A comparison of the mean slopes for English and other languages is presented in Table 7 [2, 9, 16, 36 -43] .
Using homogeneous words in the development of word lists reduces both inter-item and inter-participant variability and increases inter-list equivalence [44] . Hood and Poole [17] have stated that difficult-and easy-to-distinguish words change the speech recognition percentage, so that word lists composed of words with average difficulty should be used. To ensure homogeneity, this variability has been reduced in our study.
As regards the limitations of the study, the total number of participants of the study was 30 normal hearing subjects. For this kind of preliminary study, 30 participants was considered sufficient; however, in order to validate, this word recognition list has to be tested in not only normally hearing subjects but also patients with different types of hearing losses. There is a need for further investigation and development of additional Turkish word recognition test materials. This article details an initial study on the creation of word recognition test materials for native speakers of Turkish. There continues to be a need for additional research on word recognition tests and the area of speech audiometry.
In conclusion, to develop a speech recognition test in this study, criteria, such as familiarity, homogeneity, phonemic balance, and inter-list balance, were taken into consideration in the selection of the words to be used. Implementing a speech recognition test by employing this subsequent voice recording and the software prepared at every clinic using these materials was appropriate with respect to ensuring test-retest standardization and avoiding test executor-dependent variables.
The results of the research related to Turkish speech recognition tests in Turkey are comparable with studies of other languages in the literature. Thus, conducting more studies on Turkish speech tests and making slope comparisons will be beneficial in terms of improving the Turkish speech recognition test.
We also realize that word recognition test materials are usually made equivalent based on adults with normal hearing. As a result of using the developed lists to test individuals with various auditory pathologies, however, it will be possible to assess the lists' capability to distinguish pathological cases according to the location of the pathology. Furthermore, it will be possible to realistically examine the daily verbal communicative problems of individuals with hearing loss. [2] 4.1
Spanish
Weisleder and Hodgson [9] 4.3
Mandarin
Han et al. [16] 4.1 English NU-6, Beattie et al. [36] 4.2 English CIDW-22, Beattie et al. [36] 4.6 English NU-6, Wilson and Oyler [37] 4.4
English CIDW-22 Wilson and Oyler [37] 4.8 English NU-6, Tillman and Carhart [38] 5.6
English NU-6,Wilson et al. [39] 3.6
Korean (Male speaker) Harris et al. [40] 5.0
Korean (Female speaker) Harris et al. [40] 5.1 Arabic Alusi et al. [41] 5.0
Polish (Male speaker) Harris et al. [42] 5.8
Polish (Female speaker) Harris et al. [42] 5.9
Russian (Male speaker) Harris et al. [43] 5.8
Russian (Female speaker) Harris et al. [43] 5.6
Turkish (Male speaker) Current study 5. 4   Table 7 . The mean slopes for English and other languages (%/dB)
